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Abstract
LHCb observes the B+c → D0K+ decay with RD0K = fc/fu×B(B+c → D0K+) = (9.3+2.8−2.5±0.6)×
10−7. The corresponding branching ratio (BR) of the decay can be estimated as B(B+c → D0K+) ≈
(10.01 ± 3.40) × 10−5; however, the theoretical estimates vary from ∼ 10−7 to ∼ 5 × 10−5. We
phenomenologically investigate the B+c → (D0K+, D0pi+) decays through the analysis of B → KK,
B+u → D+K0, and Bd → D−s K+. With the form factor of fBcD0 ≈ 0.2, it is found that the
tree-annihilation contribution dominates the B+c → D0K+ decay, and when B(B+u → D+K0) ≈
(1−3.1)×10−7 is required, we obtain B(B+c → D0K+) ≈ (4.4−9)×10−5, and the magnitude of CP
asymmetry is lower than approximately 10%. Although the B+c → D0pi+ decay is dominated by the
tree-transition effect, the tree-annihilation also makes an important contribution, where its effect
could be around 70% of the tree-transition. It is found that when B(B+c → D0K+) ≈ (4.4−9)×10−5
is taken, the BR and CP asymmetry for B+c → D0pi+ with the common values of parameters can
be B(B+c → D0pi+) ≈ (4.9−8)×10−6 and of the order of one, respectively. Moreover, we conclude
B(B+c → D+K0) ≈ B(B+c → D0K+), and the BRs for B+c → K+K¯0 and B+c → J/Ψpi+ are
(6.99± 1.34)× 10−7 and (7.7± 1.1)× 10−4, respectively.
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I. INTRODUCTION
With a data sample of 3.0 fb−1 at
√
s = 7 and 8 TeV, LHCb recently observes the
B+c → D0K+ decay, and the observable with a statistical significance of 5.1σ is given as [1]:
RD0K =
fc
fu
B(B+c → D0K+) = (9.3+2.8−2.5 ± 0.6)× 10−7 , (1)
where fc(u) denotes the transition probability of a b-quark hadronizing to a Bc(u), and
B(B+c → D0K+) is the branching ratio (BR) of B+c → D0K+. The involved Cabibbo-
Kobayashi-Maskawa (CKM) matrix elements are V ∗usVub and V
∗
csVcb for the tree interac-
tions and V ∗tsVtb for the loop penguin interactions. Based on the measurement in Eq. (1),
the ratio of the branching fraction of B+c → D0K+ to B+c → J/ψpi+ is obtained as
RDK/J/ψpi = B(B+c → D0K+)/B(Bc → J/ψpi+) = 0.13 ± 0.04 ± 0.01 ± 0.01, where the
third error is from the RJ/ψpi+ measurement.
If we use B(B+c → J/Ψpi+) ≈ 7.7×10−4 ( see later analysis) as an input, the current LHCb
measurement indicates that B(B+c → D0K+) is in the region of (6.74 − 13.3) × 10−5 when
a 1σ error of RDK/J/ψpi is taken. However, the theoretical estimations are quite uncertain
even in terms of the order of magnitude; for instance, B(B+c → D0K+) ∼ 5 × 10−5 was
achieved by [2, 3]; ∼ (0.3, 2)× 10−7 were obtained by [4, 5], and ∼ 5× 10−6 was estimated
by [6]. Although [2] and [3] can predict the results of O(10−5), the origin used to obtain
the large BR is different; the former relies on the loop penguin with a large B+c → D0 form
factor, fBcD0 (m
2
K) ∼ 0.60, in the QCD factorization approach, and the latter relies on the
tree-annihilation process in the perturbative QCD, in which the resulting B+c → D0 form
factor is fBcD0 (m
2
K) ∼ 0.22. From [3], the tree-annihilation may play a main role in the
B+c → D0K+ decay.
In view of the very different results of B(B+c → D0K+) in the literature, in this work, we
investigate the B+c → D0K+ decay using a phenomenological approach. General discussions
with flavor symmetry can be found in [7]. In terms of flavor diagrams, it is found that with
the exception of CKM matrix elements, the B+c → D0K+ decay can be classified by four
different topological flavor diagrams, which include: tree-transition (TT ), tree-annihilation
(AcT ), penguin-transition (T
u
P ), and penguin-annihilation (E
c
P ). The contribution of each dia-
gram to the decay amplitude can be decomposed into factorizable and nonfactorizable parts.
In order to understand the influence of each flavor diagram and each (non)factorization piece,
we search for the measured processes in B decays, for which the associated flavor diagrams
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are similar to those in B+c → D0K+. Based on these measured B decays, we can analyze the
relative sizes of the topological diagrams, and using the associated Wilson coefficients (WCs)
and color suppression factor, small sub-leading effects can be dropped, and only dominant
contributions are retained. We then apply the obtained results to the B+c → D0K+ decay.
Since the decay amplitudes from the tree- and penguin-transition are usually dominated
by the factorizable parts, which are clearer in theoretical calculations, we will focus on the
contributions from the annihilation topologies.
We find that the B → KK, B+u → DK+, and Bd → D−s K+ decays can be the potential
candidates in our analysis. Some interesting properties of B → KK can be revealed in a
phenomenological analysis, and they are summarized as: (i) when a penguin-annihilation
is neglected due to the small WCs and color suppression, Bd → K+K− is dominated by
the nonfactorizable tree-annihilation flavor diagram, and via a proper parametrization, this
nonfactorization effect can be applied to the B+u → K+K¯0 decay; (ii) the same approxi-
mation in (i), B(Bd → K0K¯0), which arises from the pure penguin contributions, can be
completely determined by the experimental data; (iii) B(B+u → K+K¯0) can be formulated
just in terms of the BRs of Bd → K+K− and Bd → K0K¯0, and if we neglect the small
B(Bd → K+K−), we obtain B(B+u → K+K¯0) ≈ τBu/τBdB(Bd → K0K¯0), which fits well
with the experimental data; (iv) although we can not predict the strong phase, using the
phenomenological analysis, the CP asymmetry (CPA) of B+u → K+K¯0, which is induced
by the interference between the tree-annihilation and penguin effect, can be estimated to
be |ACP (B+u → K+K¯0)| . 10%. Hence, from the analysis of the B → KK decays, we can
clearly see how large the nonfactorizable tree-annihilation contribution can be.
Although the B+u → D0K+ and Bd → D−s K+ decays are pure tree-annihilation processes,
both topological flavor diagrams and the associated WCs are different. The flavor diagram of
B+u → D0K+ is similar to the tree-annihilation in B+u → K+K¯0 while Bd → D−s K+ is close
to Bd → K+K−. That is, when we take the characteristic effects of charmed mesons into
account, the parametrization for the nonfactorization effect used in B → KK can be applied
to the D0K+ and D−s K
+ modes. Due to mD  mK , unlike the situation in B → KK, the
factorizable tree-annihilation contributions may not be negligible. Since the WC of the
factorizable part in Bd → D−s K+ is smaller than that in B+ → D0K+, it is found that
when we drop the factorization effect in Bd → D−s K+, we obtain B(Bd → DsK−)/B(Bd →
K+K−) ∼ 285, which coincides with the experimental data. On the contrary, the BR
3
of B+u → D0K+ strongly depends on the factorization effect, e.g., B(B+u → D0K+) can
be of O(10−7) and O(10−9) with and without the factorization contribution, respectively.
Although B+u → D0K+ has not yet been observed, we can use the extracted result, which
is based on the upper limit of B+u → D0K∗+, to bound the free parameters in our analysis.
When the nonfactorizable tree-annihilation contribution to DK modes is determined
from the Bd → (K+K−, DsK−) decays, and the factorizable part is bounded from the
B+u → D0K+ decay, we can then estimate the BR and CPA for the B+c → D0K+ decay.
We find: (a) the tree-annihilation topological diagram dominates the others, where B(Bc →
D0K−) can be ∼ 6× 10−5 and ∼ 10−5 with and without the tree-annihilation contribution,
respectively; (b) the factorizable tree-annihilation is larger than its nonfactorizable contri-
bution; (c) B(B+c → D0K+) can be as large as 9× 10−5 when B(B+u → D0K+) < 3.1× 10−7
is satisfied; (d) the CPA of B+c → D0K+ can be less than around 10%, where the value
depends on B(B+c → D0K+) and B(B+u → D0K+). Moreover, we apply the same approach
to B+c → D+K0 and B+c → D0pi+, where we obtain B(B+c → D+K0) ≈ B(B+c → D0K+),
B(B+c → D0pi+) = (4.9 − 8) × 10−6, and the magnitude of CPA for B+c → D0pi+ can be
O(1).
The paper is organized as follows: In Sec. II, we phenomenologically study the B → KK
decays. The time-like form factors from vector and scalar currents for the annihilation
processes are defined. We also parametrize and determine the nonfactorizable parts of the
annihilation flavor diagrams for the Bd → K+K− and B+u → K+K¯0 decays. In Sec. III, we
study the B+u → D0K+ and Bd → D−s K− decays, which include the influence of factorizable
tree-annihilation. In Sec. IV, we analyze the B+c → D0K+ decay in detail. The relative
magnitudes of various topological flavor diagrams are presented. The applications to the
decays B+c → D+K0, B+c → K+K¯0, B+c → J/ψpi+, and B+c → D0pi+ are discussed. A
summary is given in Sec. V.
II. PHENOMENOLOGICAL ANALYSIS OF THE B → KK DECAYS
Hereafter, we will use anti-B-meson decays to present our analysis; thus, the quark con-
tents of B¯d and B
−
u are bd¯ and bu¯, respectively, unless stated otherwise. The current mea-
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surements of BRs for the B → KK decays are [11]:
B(B¯d → K¯0K0)exp = (1.21± 0.16)× 10−6 ,
B(B−u → K−K0)exp = (1.31± 0.17)× 10−6 ,
B(B¯d → K−K+)exp = (7.8± 1.5)× 10−8 . (2)
It can be seen that the difference in BR between the K¯0K0 and K−K0 modes is only around
8%. We will demonstrate that this difference mainly arises from the lifetimes of Bu and Bd
when the tree annihilation effect in B−u → K−K0 is neglected due to small factors, such as
the CKM matrix element Vub and the effective WC C1/Nc. Such a topological annihilation
diagram will also contribute to the B−c → D¯0K− process; however, this tree annihilation
effect on the Bc decay becomes crucial when the CKM matrix element Vcb and factorizable
tree-annihilation are properly taken into account.
The effective Hamiltonian for the B → KK decays, which is from the W -mediated tree
and the gluonic penguin diagrams, is written as [8]:
H = GF√
2
V ∗udVub (C1(µ)O1 + C2(µ)O2)−
GF√
2
V ∗tdVtb
6∑
i=3
Ci(µ)
∑
q
Oqi . (3)
Vij are the CKM matrix elements, and the values used in the paper are shown in Table I.
Cj(µ) are the WCs at µ scale, and their values at µ = 2.5 GeV with a naive dimensional
regularization (NDR) scheme are shown in Table. I [8, 9]. The operators are given as:
O1 = (d¯βuα)V−A(u¯αbβ)V−A , O2 = (d¯βuβ)V−A(u¯αbα)V−A ,
Oq3 = (q¯βqβ)V−A(d¯αbα)V−A , O
q
4 = (q¯βqα)V−A(d¯αbβ)V−A ,
Oq5 = (q¯βqβ)V+A(d¯αbα)V−A , O
q
6 = (q¯βqα)V+A(d¯αbβ)V−A , (4)
where (f¯ ′f)V±A = f¯ ′γµ(1 ± γ5)f , and α(β) are the color indices. Since the electroweak
penguin effects in these decays are small, we neglect their contributions in the analysis. A
detailed discussion with complete operators can be found in [10].
According to the effective interactions in Eq. (3), we find that the B → KK decays can
be classified into five types of topological flavor diagrams, and the diagrams are shown in
Fig. 1, where A
(q′)
T (P ) and E
(q′)
T (P ) (q
′ = u, d) denote the annihilation topologies from the tree
(T) and penguin (P) contributions, respectively, and T q
′
P represents the contributions from
the penguin-transition flavor diagram. Thus, the decay amplitudes for B → KK can be
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TABLE I: Values of CKM matrix elements used in the study, where γ = 70◦ and β = 22◦ are
taken. Wilson coefficients (WCs) at µ = 2.5 GeV for mt,pole = 175 GeV with NDR scheme [9].
CKM Vud,cs,tb Vus(cd) Vub Vcb Vtd Vts
≈ 1 0.22(−0.22) 0.0037e−iγ 0.04 0.0084e−iβ −0.04
WC C1 C2 C3 C4 C5 C6
−0.257 1.117 0.017 −0.044 0.011 −0.056
written as:
M(K¯0K0) = −GF√
2
V ∗tdVtb
(
T dP + E
d
P + A
d
P
)
,
M(K−K0) =
GF√
2
V ∗udVubAT −
GF√
2
V ∗tdVtb (T
u
P + E
u
P ) ,
M(K−K+) =
GF√
2
V ∗udVubET −
GF√
2
V ∗tdVtbA
u
P . (5)
Each component in a decay amplitude can be decomposed into factorizable and nonfac-
torizable parts. Since the associated WCs in these parts are different, for clarity, we
show their relations in Table II, where a1,2 = C2(1) + C1(2)/Nc, a4(6) = C4(6) + C3(5)/Nc,
a3(5) = C3(5) + C4(6)/Nc, and Nc = 3 is the number of colors.
b
u u
d
sAT
b
u
u
d
s
ET
T q
′
P
Eq
′
P
d
b q
′
q′
ss
Aq
′
P
b
d s(q′)
s(q′)
q′(s)
b
d s
s
q′q′
FIG. 1: Flavor diagrams for the B → KK decays with q′ = u, d.
In order to discuss the relations among the decay amplitudes shown in Eq. (5), we
parametrize the time-like form factors for two pseudoscalar mesons in the final state as:
〈P1(p1)P2(p2)|q¯2γµq1|0〉 = F1(Q2)
(
qµ − Q · q
Q2
Qµ
)
+ F0(Q
2)
Q · q
Q2
Qµ , (6)
where Q = p1 + p2, q = p2 − p1, and F1,0(Q2) are the time-like form factors. As a result, we
obtain Qµ〈P1P2|q¯2γµq1|0〉 = (m22 − m21)F0(Q2). When the P2 meson is the CP-conjugated
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TABLE II: The associated Wilson coefficients of the factorizable part (FP) and nonfactorizable
part (NFP) in each topological diagram, where a1,2 = C2(1) + C1(2)/Nc; a4(6) = C4(6) + C3(5)/Nc;
a3(5) = C3(5) + C4(6)/Nc, and Nc = 3 is the number of colors.
DA T dP E
d
P A
d
P AT T
u
P E
u
P ET A
u
P
FP a4,6 a4,6 a3,5 a1 a4,6 a4,6 a2 a3,5
NFP C3,5/Nc C3,5/Nc C4,6/Nc C1/Nc C3,5/Nc C3,5/Nc C1/Nc C4,6/Nc
state of P1, we get Q
µ〈PP¯ |q¯γµq|0〉 = 0. Based on this result, it can be concluded that the
factorizable part of the annihilation topology induced by (V − A)⊗ (V − A) is suppressed
by m22 − m21. According to Eq. (6), the time-like form factor of a scalar current can be
parametrized as:
〈P1(p1)P2(p2)|q¯2 q1|0〉 = Q · q
mq2 −mq1
F0(Q
2) . (7)
Clearly, although there is a suppression factor m22 −m21 in the numerator, an enhancement
factor 1/(mq2 − mq1) for the light quarks appears; thus, Eq. (7) could be sizable. Since
the scalar current can be generated from the Fierz transformation of (V + A) ⊗ (V − A),
the factorizable part of annihilation topology induced from (V + A)⊗ (V − A) may not be
suppressed.
According to Eqs. (6) and (7), we now discuss the A
u(d)
P and E
u(d)
P effects. Since the
behavior of AuP (E
d
P ) is the same as that of A
d
P (E
u
P ), we only focus on A
d
P and E
u
P in the
following analysis. The operators O3−O6 contributing to AdP are derived through the vector
currents; from the result of Eq. (6), the associated factorizable parts vanish. Therefore, AdP
has only nonfactorizable part and is given as:
AdP = 〈K0K¯0|
6∑
k=3
Ck(O
s
k +O
d
k)|B¯d〉
≈ 〈K0K¯0|
∑
m=4,6
Cm
Nc
(Osm +O
d
m)|B¯d〉NF . (8)
AdP in general is not zero; however, comparing it to the T
q′
P effect, which is related to C4,6,
the AdP contributions are suppressed by C4,6/Nc. Since no other possible enhancement factor
appears, we assume that Ad,uP are negligible in the B → KK decays. From Table II, the
nonfactorizable part of EuP is associated with C3,5/Nc. Due to |C3(5)| < |C4(6)|, we also take
(EuP )NF ≈ 0. To estimate the factorizable part of EuP , the operators O3 −O6 in EuP have to
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make the Fierz transformations. The current-current interaction structures of O3,4 are still
(V − A) ⊗ (V − A) after the Fierz transformations; according to earlier discussions, their
contributions are thus suppressed by m2K0 −m2K+ and can be neglected. In contrast to O3,4,
the O5,6 operators become (S + P ) ⊗ (S − P ) when the Fierz transformations are applied;
hence, their contributions are sizable and can be expressed as:
EuP = 〈K−K0|
6∑
k=3
CkO
u
k |B−u 〉
≈ 2ia6 fBm
2
B
mb +mu
m2K0 −m2K+
md −mu F
KK
0 (m
2
B) . (9)
With mK0 = 0.498 GeV, mK± = 0.494 GeV, and md(u) = 10(5) MeV, the factor m
2
K0 −
m2K±/(md −mu) ≈ 0.79 is not suppressed.
If we drop the Ad,uP contributions, it can be seen from Eq. (5) that B¯d → K−K+ is a
tree-annihilation process (ET ). The tree-annihilation effect AT causes the difference between
the K¯0K0 and K−K0 modes at the amplitude level. Since the similar topological diagrams
AT and ET will respectively contribute to the B
−
c → D¯0K− and B¯d → D+s K− decays
with the exception of the CKM matrix elements, it is of interest to understand the relative
size between AT and ET in B → KK. The interaction structures in AT and ET are
(V −A)⊗ (V −A); therefore, the factorizable parts in both topologies are either suppressed
or vanished. Hence, AT and ET are dominated by the nonfactorizable parts. From Table II
and |C1| < C2, we can obtain AT/ET ∼ C1/C2 ∼ −0.23. With isospin symmetry, it can be
expected that T dP ≈ T uP and EdP ≈ EuP . If we set T dP + EdP = T uP + EuP ≡MTE and take it as
a free parameter, using the data in Eq. (2) and the approximation of AT/ET ∼ C1/C2, we
can determine AT , MTE, and the strong phase to be:
|V ∗udVubAT |
|V ∗tdVtbMTE|
=
∣∣∣∣C1C2
∣∣∣∣
√
B(B¯d → K+K−)
B(B¯d → K0K¯0) ∼ 0.058 ,
BavgK−K0 =
τBu
τBd
C21
C22
BK−K+ + τBu
τBd
BK¯0K0 + 2
τBu
τBd
C1
C2
cos(δ) cos(α)
√
BK−K+BK¯0K0 , (10)
where Bf is the BR for the B → f decay; BavgK−K0 = (BK−K0 + BK+K¯0)/2, α + β + γ = pi
is used, and δ is the relative strong phase of AT and MTE. In addition, the CP asymmetry
(CPA) of K−K0 mode can be expressed as:
ACP (K
−K0) =
BK−K0 − BK+K¯0
BK−K0 + BK+K¯0
= 2
τBu
τBd
C1
C2
sin(δ) sin(α)
√BK−K+BK¯0K0
BavgK−K0
. (11)
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From Eq. (10), it is known that the B−u → K−K0 decay has a strong correlation to
the decays B¯d → (K¯0K0, K−K+). Due to BK−K+  BK¯0K0 , we can drop the first term
in Eq. (10). Since α = (88 ± 5)◦ [13] is close to 90◦ and | cos(α)| ≤ 0.12, the third term
in Eq. (10) should be at most 2% of τu/τdBK0K¯0 . If we also neglect this term, Eq. (10)
becomes BK−K0 ≈ τBu/τBdBK¯0K¯ = 1.078BK¯0K0 , where τBu,Bd = (1.638, 1.52) ps are used,
and the result fits very well with the current experimental measurements. To numerically
show the CPA of K0K− mode, we can take BK−K+ , BK¯0K0 , and δ as free parameters. Due
to BK−K+  BK¯0K0 , we fix BK−K+ = 7.8×10−8. Thus, the contours for ACP (K−K0) (solid)
as a function of BK¯0K0 and δ are shown in Fig. 2, where α = 88◦ is used, and the vertical
band denotes Bexp
K¯0K0
with 1σ errors. We can not determine δ well; therefore, the CPA can be
in the range |ACP | . 12%. The result is consistent with the current experimental value of
ACP (K
−K0) = −0.087±0.100, averaged by the heavy flavor averaging group (HFLAV) [12].
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FIG. 2: Contours for ACP (K
0K−) (solid) as a function of B(K0K¯0) and δ, where α = 88◦ is
used, and the vertical band is Bexp
K0K¯0
with 1σ errors.
III. BRANCHING RATIOS FOR B−u → D−K¯0 AND B¯d → DsK−
Based on the study of the B → KK decays, we find some characteristics of annihilation
topological diagrams in a B-meson decaying into two light pseudoscalars; that is, the con-
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tribution from topology ET (EP ) is more significant than that from AT (AP ). It is of interest
to investigate if the property is preserved in the B−c → D¯0K− decay. Before we study
B−c → D¯0K−, we investigate the B-meson decay processes, in which a charmed-meson and
a K-meson are involved in the final state, and only annihilation topologies dictate the con-
tributions. We find that the Bu → D−K¯0 and Bd → DsK− decays match our requirements,
where their current experimental measurements are:
B(B−u → D−K¯0)exp < 2.9× 10−6 (PDG [11]) ,
B(B¯d → DsK−)exp = (2.21± 0.25)× 10−5 (HFLAV [12]) . (12)
We note that although the upper bound of B(B−u → D−K¯0) is of the order of 10−6, LHCb
reported B(B−u → D−K∗0) < 4.9 × 10−7 [13]. Since the BRs of the annihilation processes
B¯d → D(∗)s K(∗)− are close to each other, it is reasonable to conjecture that the upper limit
of the BR for B−u → D−K¯0 could be:
B(B−u → D−K¯0) ∼
B(B¯d → DsK−)
B(B¯d → DsK∗−)B(B
−
u → D−K¯∗0) < 3.1× 10−7 , (13)
where B(B¯d → DsK−) = 2.21× 10−5 and B(B¯d → DsK∗−) = 3.50× 10−5 [11] are used.
The effective interactions for B−u → D−K¯0 and B¯d → DsK− can be written as:
HDK = GF√
2
V ∗csVub (C1(µ)Q1 + C2(µ)Q2)
+
GF√
2
V ∗duVcb (C1(µ)Q
′
1 + C2(µ)Q
′
2) , (14)
where the effective operators are:
Q1 = (s¯βcα)V−A(u¯αbβ)V−A , Q2 = (s¯βcβ)V−A(u¯αbα)V−A ,
Q′1 = (d¯βuβ)V−A(c¯αbα)V−A , Q
′
2 = (d¯βuα)V−A(c¯αbβ)V−A . (15)
In terms of the flavor diagrams, which are shown in Fig. 3, it can be seen that B−u → D−K¯0
and B¯d → DsK− arise from AT and ET , respectively. Thus, the decay amplitudes can be
parametrized as:
M(D−K¯0) =
GF√
2
V ∗csVubA
DK
T , M(DsK
−) =
GF√
2
V ∗udVcbE
DsK
T . (16)
According to earlier discussions, the factorizable parts of both decays indeed are propor-
tional to (m2K −m2D(s))/m2B. Due to mD(s)  mK , it may not be a good approximation to
10
bu c
s
d
c
ud
b
sAT
ET
FIG. 3: Flavor diagrams for the B−u → D−K¯0 and B¯d → DsK− decays.
directly drop these effects. However, by comparing the associated WCs, it can be seen that
the associated WCs in the D−K¯0 and DsK− modes are a1 and a2, respectively. Due to
a2  a1, the factorizable part of EDsKT can be neglected as a leading approximation. For the
nonfactorizable parts, taking the similar assumption of AT/ET ∼ C1/C2 used in B → KK,
we use (ADKT )NF/(E
DsK
T )NF ∼ fDC1/(fDsC2), where in order to show the properties of the
D and Ds mesons, we include the decay constants of the charmed mesons with fD = 0.209
GeV and fDs ≈ 0.248 GeV [11]. In order to explicitly describe the factorizable and non-
factorizable parts of ADKT , we must further parametrize these hadronic effects. With the
time-like form factors defined in Eq. (6), we write ADKT and E
DsK
T as:
ADKT = 〈D−K¯0|
∑
i
CiQi|Bu〉F+NF
≈ −ifB
[
a1(m
2
D −m2K)FDK0 (m2B)−
C1
Nc
q2χDK(m
2
B)
]
, (17)
EDsKT ≈ (EDsKT )NF = 〈DsK−|
∑
i
CiQ
′
i|Bd〉NF
≈ C2
Nc
[
ifBq
2χDsK(m
2
B)
]
, (18)
where the form factors χDK and χDsK are from the nonfactorizable effects and are defined
as:
〈D−K¯0|(s¯αcβ)V−A(u¯βbα)V−A|B−u 〉NF = ifB
[
Q · q χ′DK(Q2) + q2 χDK(Q2)
]
,
〈DsK−|(c¯αuβ)V−A(d¯βbα)V−A|B¯d〉NF = ifB
[
Q · q χ′DsK(Q2) + q2 χDsK(Q2)
]
, (19)
where Q · q = m2K −m2D(s) , and q2 = 2(m2D(s) +m2K)−m2B. Due to |Q · q|  |q2|, we exclude
the χ′D(s)K contributions. The assumption of (A
DK
T )NF/(E
DsK)NF ∼ fDC1/(fDsC2) leads to
χDK(m
2
B)/χDsK(m
2
B) ∼ fD/fDs . Using Eq. (18) and the values in Table I, the magnitude
11
of χDsK(m
2
B) can be determined from B(B¯d → DsK−)exp as:
|χDsK(m2B)| = 0.119± 0.010 , (20)
where the error is from the uncertainty of B(B¯d → DsK−)exp. The strong phase of χDsK
cannot be directly determined in this approach.
The time-like form factor FDK0 (m
2
B) has not yet determined. Although the Bu → D−K¯0
decay is not observed, we could use B(B−u → D−K¯0) < 3.1 × 10−7, which was obtained
earlier, to bound the magnitude of FDK0 (m
2
B). Using Eq. (17), the BR of D
−K0 mode can
be formulated as:
BD−K0 = τBu
G2F |V ∗csVub|2
32pimB
√
λDK
(
m2D
m2B
,
m2K
m2B
)
f 2B
×
∣∣∣∣a1(m2D −m2K)eiφS |FDK0 (m2B)| − fDC1fDsNc q2|χDsK(m2B)|
∣∣∣∣2 , (21)
λDK(x, y) = 1 + x
2 + y2 − 2x− 2y − 2xy ,
where φS is the relative strong phase between F
DK
0 ≡ FDK0 (m2B) and χDK ≡ χDK(m2B).
Using |χDsK(m2B)| = 0.119, mD = 1.870 GeV, mDs = 1.968 GeV, and the values in Table I,
the contours for B(B−u → D−K¯0) (in units of 10−7) as a function of |FDK0 (m2B)| and φS are
shown in Fig. 4. From the plot, it can be clearly seen that the BR of B−u → D−K¯0 strongly
depends on FDK0 and the relative sign of F
DK
0 and χDK . The values of B(B−u → D−K¯0)
with some benchmarks of FDK0 and φS are shown in Table III. According to the analysis,
we see that when FDK0 ∼ 0.055, the factorizable part of ADKT becomes dominant.
TABLE III: Branching ratio for B−u → D−K¯0 with some benchmarks of |FDK0 | and φS .
( |FDK0 |, φS) (0, 0) (0.20, 0) (0.20, 2pi/3) (0.20, pi) (0.24, 0) (0.24, 2pi/3) (0.24, pi)
BR(10−7) 0.084 0.674 1.64 1.96 1.09 2.24 2.63
It is of interest to examine the rationality of our approach by comparing the BRs of
B¯d → K+K− and B¯d → DsK−, in which both decays are from the ET topology. Based
on the decay-amplitude parametrizations given in Eqs. (5) and (16), the ratio of branching
fractions of B¯d → DsK− and B¯d → K+K− can be obtained and estimated as:
BDsK−
BK+K− ∼
|V ∗udVcb|2
|V ∗udVub|2
f 2Ds
f 2K
= 285 , (22)
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FIG. 4: Contours for B(B−u → D−K¯0) as a function of |FDK0 | and φS .
where we have included the decay constants of Ds and the K mesons to show the effects
from different mesons. This numerical result fits well with the current data:
BexpDsK−
BexpK+K−
= (2.83± 0.63)× 102 . (23)
IV. B−c → (K−K0, J/ψpi−), B−c → (D¯0K−, D−K¯0), AND B−c → D¯0pi− DECAYS
Analyzing the B → KK, B−u → D−K¯0, and B¯d → DsK− decays, we can determine the
nonfactorizable effect of the annihilation flavor diagram for the Bu → D−K¯0 decay. In ad-
dition, we can give a bound on the factorizable part of the same annihilation process. Based
on the isospin symmetry, we apply the obtained results to the B−c → D¯0K− decay in this
section. With a similar approach, we estimate the BRs and CPAs for B−c → (D−K¯0, D¯0pi−).
Before investigating the B−c → D¯0K− decay, we first apply our approach to predict
B(B−c → K−K0). According to the LHCb result of RDK/J/ψpi ≈ 0.13 ± 0.04, if B(B−c →
J/ψpi−) is known, we then have a clearer understanding of the BR for B−c → D¯0K−.
Therefore, based on the Bc → J/Ψ form factor from lattice QCD [16], we also estimate the
BR for B−c → J/ψpi−.
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A. B−c → K−K0 and B−c → J/ψpi−
It has been determined that the hadronic effect in B¯d → K−K+ is dominated by the
nonfactorization contribution, and its effect can be directly related to the tree-annihilation
of B−u → K−K0. The B−c → K−K0 decay is dictated by the tree-annihilation diagram AT ,
which is similar to that in B−u → K−K0; thus, we can estimate the BR for B−c → K−K0
through the B(B¯d → K−K+)exp. Using the parametrization defined in Eq. (19), the decay
amplitudes for B¯d → K−K+ and B−c → K−K0 can be expressed as:
M(B¯d → K−K+) ≈ iGF√
2
V ∗udVub
C2
Nc
fBq
2
1χK−K+(m
2
B) ,
M(B−c → K−K0) ≈ i
GF√
2
V ∗udVcb
C1
Nc
fBcq
2
2χK−K0(m
2
Bc) (24)
with q21(2) ≈ 4m2K −m2B(Bc). If we take the asymptotic form factor behavior as χKK(Q2) ∝
1/Q2, the ratio of the branching fraction of B−c → K−K0 to B¯d → K−K0 can be obtained
as
B(B−c → K−K0)
B(B¯d → K−K+) ≈
τBcmB
τBdmBc
|C1Vcb|2
|C2Vub|2
f 2Bc
f 2B
≈ 8.96 , (25)
where τBc = 0.507 ps and fBc = 0.434 GeV are used [14]. With B(B¯d → K−K+) =
7.8× 10−8, the BR for B−c → K−K0 is B(B−c → K−K0) ≈ 6.99× 10−7, where the result is
a factor of 2.9 larger than the estimation in the perturbative QCD (PQCD) approach [15].
The B−c → Jψpi− decay is a color-allowed tree process. Since the nonfactorization effect
is related to C1/Nc, it is expected that the factorization effect will dominate. Although J/ψ
is a vector-boson, only longitudinal polarization has a contribution in B−c → J/ψpi−; thus,
the decay amplitude with the factorizable part can be written as;
M(B−c → J/ψpi−) ≈ −
GF√
2
V ∗udVcba1
[
2mJ/ψfpiA
BcJ/ψ
0 (m
2
pi)
]
ε∗J/ψ · ppi , (26)
where A
BcJ/ψ
0 is one of Bc → J/ψ transition form factors. Accordingly, with the approxima-
tion of m2pi/m
2
Bc
≈ 0, the BR for Bc → J/ψpi− can be formulated as:
B(B−c → J/ψpi−) ≈ τBc
G2Fm
3
Bc
|V ∗udVcb|2
32pi
(
a1fpiA
BcJ/ψ
0 (m
2
pi)
)2
. (27)
The unknown in Eq. (27) isA
BcJ/ψ
0 (m
2
pi) ≈ ABcJ/ψ0 (0). The form factor values calculated using
various QCD approaches vary considerably in the literature [17–31]. Recently, the HPQCD
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collaboration has made progress in the calculations of the form factors for Bc → J/ψ [16],
and the obtained (preliminary) results are given as:
A
BcJ/ψ
1 (0) ≈ 0.49 , V BcJ/ψ(0) ≈ 0.77 , (28)
where the uncertainties of the form factors could be around 10% or less. Taking the HPQCD
results as theoretical guidance, the results, which are calculated by QCD models and are all
within 10% of the values in Eq. (28) [20, 29], indicate A
BcJ/ψ
0 (0) ≈ ABcJ/ψ1 (0). Thus, with
the indication and 10% uncertainty of A
BcJ/ψ
0 (0), the BR of Bc → J/ψpi− can be obtained
as:
B(B−c → J/ψpi−) ≈ (7.7± 1.1)× 10−4 . (29)
Using above result and RDK/J/ψpi ≈ 0.13 ± 0.04, the BR of B−c → D¯0K− can be estimated
as:
B(B−c → D¯0K−) ≈ (10.01± 3.40)× 10−5 . (30)
B. Branching ratios and CP asymmetries for B−c → (D¯0K−, D−K¯0)
Similar to the B → KK decays, the B−c → D¯0K− decay mainly arises from the gluonic
penguin and W -mediated tree Feynman diagrams. The portion of the effective Hamiltonian
can be obtained from Eq. (3) by using s-quark instead of d-quark. In addition to the
(u¯b)V−A(s¯u)V−A operator, the (c¯b)V−A(s¯c)V−A operator is also involved in the B−c → D¯0K−
decay, where the corresponding Hamiltonian can be obtained from that for B−u → D−K¯0,
as shown in Eq. (14), by replacing u-quark with c-quark, i.e., Vub → Vcb and Q1,2 → Qc1,2.
Accordingly, the topological flavor diagrams for B−c → D¯0K− are shown in Fig. 5.
From the flavor diagrams, the decay amplitude for B−c → D¯0K− can be written as:
M(B−c → D¯0K−) =
GF√
2
[V ∗usVubTT + V
∗
csVcbA
c
T − V ∗tsVtb (T uP + EcP )] , (31)
where T uP and E
c
P are similar to T
q′
P and E
q′
P in B¯d → K¯0K0 and B−u → K−K0, respectively,
AcT is similar to A
DK
T in B
−
u → D−K¯0, and TT denotes the contribution from the tree
transition topology. Since TT is dominated by the color-allowed effect and the associated
WC is a1 ∼ 1, it is expected that TT will be predominantly dictated by the factorizable
part. A similar situation is also suitable for T uP . In order to describe TT and T
u
P , we need
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FIG. 5: Flavor diagrams for the B−c → D¯0K− decay.
the Bc → D¯0 transition form factors, which are defined as:
〈D¯0(P ′2)|u¯γµb|B−c (P ′1)〉 = fBcD1 (q2)
(
Pµ − P · q
q2
qµ
)
+ fBcD0 (q
2)
P · q
q2
qµ , (32)
where P = P ′1 + P
′
2, q = P
′
1 − P ′2, P · q = m2Bc − m2D, and fBcD1,0 are the form factors. As
a result, we obtain 〈D¯0|u¯γµb|B−c 〉qµ = (m2Bc − m2D)fBcD0 (m2K) and 〈D¯0|u¯b|B−c 〉 = (m2Bc −
m2D)/(mb − mu)fBcD0 (m2K). Thus, with the factorization assumption, TT and T uP can be
expressed as:
TT = 〈D¯0K−|C1Q′c1 + C2Q′c2 |B−c 〉 ≈ −ia1fK(m2Bc −m2D)fBcD0 (m2K) , (33)
T uP = 〈D¯0K−|
6∑
i=3
CiOi|B−c 〉 ≈ −ia46fK(m2Bc −m2D)fBcD0 (m2K) , (34)
a46 = a4 + 2a6
m2K
(ms +mu)(mb −mu) .
According to Eqs. (9) and (17), AcT and E
c
P can be parametrized as:
AcT ≈ −ifBc
[
a1(m
2
D −m2K)eiφS |FDK0 (m2Bc)| −
C1
Nc
q2Bc|χDK(m2Bc)|
]
,
EcP ≈ i2a6
fBcm
2
Bc
mb +mc
m2D −m2K
mc −mu e
iφS |FDK0 (m2Bc)| (35)
where q2Bc = 2(m
2
D+m
2
K)−m2Bc , and χDK(m2Bc) ≈ fD/fDsχDsK(m2Bc). Taking the asymptotic
behaviors of FDK0 (Q
2) and χDK(Q
2) as ∝ 1/Q2, we get FDK0 (m2Bc) ≈ m2B/m2BcFDK0 (m2B)
and χDK(m
2
Bc
) ≈ fDm2B/(fDsm2Bc)χDsK(m2B).
Except the strong phase φS and form factors F
DK
0 (m
2
B) and f
BcD
0 (m
2
K), basically, we have
most of the information necessary to calculate the BR and CPA for B−c → D¯0K−, which
16
are defined as:
B(B−c → D¯0K−) =
τBc
16pimBc
√
λDK
(
m2D
m2Bc
,
m2K
m2Bc
) ∣∣M(B−c → D¯0K−)∣∣2 , (36)
ACP (B
±
c → D0K±) =
B(B−c → D¯0K−)− B(B+c → D0K+)
B(B−c → D¯0K−) + B(B+c → D0K+)
. (37)
The BR of CP-average can be obtained via BavgD0K± = [B(B−c → D¯0K−)+B(B+c → D0K±)]/2.
The contour plots for BavgD0K± (solid, in units of 10−5) and ACP (B±c → D0K±) (dashed)
as a function of φS and |FDK0 (m2B)| are respectively shown in Fig. 6(a) and (b), where
fDK0 (m
2
K) = 0.20 and χDsK(m
2
B) = 0.119 are used; for comparison, we also show B(B−u →
D−K¯0) (dashed, in units of 10−7) in Fig. 6(a), where the shaded area denotes the range of
B(B−u → D−K¯0) < 3.1×10−7. The contour lines marked as (4.4, 6.3)×10−5 denote the values
taken from the downward 1.5σ and 1σ of Eq. (30). Based on our analysis, it can be seen
that with fBcD0 (m
2
K) = 0.20, the B(B−u → D−K¯0) has to be larger (less) than 1(3.1)× 10−7
when B(B−c → D¯0K−) > 4.4 × 10−5, and due to the upper bound of B−u → D−K¯0, the
BR of B−c → D¯0K− should be less than approximately 9 × 10−5. Since T uP is proportional
to fBcD0 , it is expected that with a larger value of f
BcD
0 , the curves for BavgD0K± in Fig. 6(a)
will shift to the left; that is, a larger BavgD0K± is allowed. Since the calculation results of fBcD0
are quite diverse and spread from 0.075 to 0.69 [17, 18, 20–23, 26, 28, 29, 31], we need the
input from the lattice calculations to determine the more accurate form factor. If we take
the HPQCD calculations on B−c → (ηc, J/ψ) as a guide, the result from the light-front QCD
model, where the predicted form factors of B−c → (ηc, J/ψ) fall within 10% of the HPQCD
results, prefers fBcD0 ∼ 0.18 with fBc = 0.440 GeV [29]. The value of fBcD0 = 0.2 used in
our analysis fits the preference and is comparable with the result in [3] using the PQCD
approach. Although we cannot precisely predict the CPA, from Fig. 6, its magnitude should
be |ACP (B±c → D0K±| . 10%. The CPA can be up to 30% if fBcD0 = 0.60 is used.
It was mentioned earlier that although [2] and [3] using the different QCD approaches can
obtain B(B−c → D¯K−) ∼ 5×10−5, their origins related to enhancing the BR are different. In
order to show the role of each component in the decay amplitude shown in Eq. (31), we show
the ratios of |V ∗csVcbAcT |/|V ∗usVubTT |, |V ∗tsVtb(T uP + EcP )|/|V ∗usVubTT |, |V ∗csVcbAcT |/|V ∗tsVtb(T uP +
EcP )|, and |V ∗tsVtbEcP |/|V ∗csVcbAcT | in Fig. 7(a)-(d), where fBcD0 = 0.20 is used. From plots
(a) and (b), it can be clearly seen that the tree-annihilation and penguin effects offer the
dominant contributions. We can further see from plot (c) that when B(B−c → D¯0K−) >
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FIG. 6: (a) Contours for (a) Bavg
D0K± (solid, in units of 10
−5) and (b) ACP (B±c → D0K±) (dashed)
as a function of φS and |FDK0 (m2B)|, where we have fixed fBcD0 = 0.20 and χDsK = 0.119. For
comparison, we also show B(B−u → D−K¯0) (dashed, in units of 10−7) in (a). The shaded area
denotes the region of B(B−u → D−K¯0) < 3.1× 10−7.
4.4× 10−5, the contribution from the tree-annihilation is larger than that from the penguin
topologies. According to plot (d), it is known that the penguin-annihilation topology EcP is
smaller than the tree-annihilation topology AcT . Hence, our results are consistent with [3].
Now, we can apply all calculations to the B−c → D−K¯0 decay, where the effective Hamil-
tonian is the same as that for the B−c → D¯0K− decay. It can be easily found that with the
exception of the TT topology diagram, which does not appear in B
−
c → D−K¯0, the decay
amplitude of Bc → D−K¯0 can be obtained from that in Eq. (31) by replacing u-quark with
d-quark. With the isospin symmetry, we can write the decay amplitude as:
M(B−c → D−K¯0) = M(B−c → D¯0K−)−
GF√
2
V ∗usVubTT . (38)
The BR for B−c → D−K¯0 can be calculated using Eq. (36). As shown before, the B−c →
D¯0K− decay is dominated by the tree-annihilation and penguin topologies; thus, we expect
B(B−c → D−K¯0) ≈ B(B−c → D−K¯0). Since [2] took a larger fBcD0 ∼ 0.6 and got B(B−c →
D−K¯0)/B(B−c → D−K¯0) ≈ 0.75, we can use the different predictions of B(B−c → D−K¯0) to
test the different approaches. The BR values for B−c → D−K¯0 with the same benchmarks
shown in Table III are given in Table IV. Due to the small weak CP violating phase in Vts,
the CPA of B−c → D−K¯0 is suppressed.
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FIG. 7: Contours for (a) |V ∗csVcbAcT |/|V ∗usVubTT |, (b) |V ∗tsVtb(T uP + EcP )|/|V ∗usVubTT |, (c)
|V ∗csVcbAcT |/|V ∗tsVtb(T uP + EcP )|, and (d) |V ∗tsVtbEcP |/|V ∗csVcbAcT | as a function of φS and |FDK0 (m2B)|,
where we take fBcD0 = 0.20.
TABLE IV: Branching ratio for B−c → D−K¯0 with the benchmarks shown in Table III, where
fBcD0 = 0.20 is used.
( |FDK0 |, φS) (0, 0) (0.20, 0) (0.20, 2pi/3) (0.20, pi) (0.24, 0) (0.24, 2pi/3) (0.24, pi)
BR(10−5) 0.96 0.37 5.03 6.58 0.86 6.45 8.3
C. Predictions of the B−c → D¯0pi− decay
The B−c → D¯0pi− decay is of interest because apart from the CKM matrix elements, it
has very similar topological flavor diagrams as those in the B−c → D¯0K− decay. When the
s-quark in Eq. (31) is replaced by the d-quark, the decay amplitude for B−c → D¯0pi− can be
written as:
M(B−c → D¯0pi−) =
GF√
2
[V ∗udVubT
′
T + V
∗
cdVcbA
′c
T − V ∗tdVtb (T ′uP + E ′cP )] . (39)
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The hadronic effects T ′T , A
′c
T , T
′u
P , and E
′c
P are given as:
T ′T = 〈D¯0pi−|C1O1 + C2O2|B−c 〉 ≈ −ia1fpi(m2Bc −m2D)fBcD0 (m2pi) ,
T ′uP = 〈D¯0pi−|
6∑
i=3
CiOi|B−c 〉 ≈ −ia′46fpi(m2Bc −m2D)fBcD0 (m2pi) ,
A′cT ≈ −ifBc
fpi
fK
[
a1(m
2
D −m2K)eiφS |FDK0 (m2Bc)| −
C1
Nc
q2Bc |χDK(m2Bc)|
]
,
E ′cP ≈ i2a6
fBcm
2
Bc
mb +mc
m2D −m2K
mc −mu
fpie
iφS
fK
|FDK0 (m2Bc)| , (40)
where we have included the SU(3) breaking effect fpi/fK for the form factors F
DK
0 and χDK ,
and a′46 = a4 +2a6m
2
pi/(md+mu)/(mb−mu). It can be seen that compared to B−c → D¯0K−,
the tree-annihilation A′cT has an extra Wolfenstein parameter suppression factor λ ≈ 0.22
from V ∗cd; however, the T
′
T contribution is associated with V
∗
ud ∼ 1, which is 1/λ larger than
V ∗us; that is, the tree-annihilation topology does not dominate anymore in this process. Since
the calculations for the BR and CPA of B−c → D¯0pi− are the same as those for B−c → D¯0K−,
based on Eqs. (36) and (37), the contours for the BR and CPA of B−c → D¯0pi− as a function
of φS and |FDK0 (m2B)| are shown in Fig. (8)(a) and (b), respectively. Due to the upper limit
of B−u → D−K¯0, we obtain BavgD0pi± < 8 × 10−6. If we assume 4.4 < BavgD0K±105 < 9.0, the
corresponding range for BavgD0pi± is 4.9 < BavgD0pi±106 < 8. Since the CKM matrix elements of
tree and penguin are comparable and carry the weak CP phases, i.e., γ and β, from Fig. 8(b)
the CPA of B−c → D¯0pi− can be of O(1).
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FIG. 8: The legend is the same as Fig. 6 but for B−c → D¯0pi−.
We show the BRs for B±c → D0pi± and the CPA with some selected values of the
strong phase in Table V, where fBcD0 = 0.20 and |FDK0 | = 0.24 are used. For clarity,
20
we show the ranges B(B−u → D−K¯0) = (1, 3.1) × 10−7 (yellow), BavgD0K± = (4.4, 9) × 10−5
(blue), ACP (B
±
c → D0K±) = (∓0.03,∓0.12) (orange), BavgD0pi± = (4.9, 8) × 10−6 (red), and
ACP (B
±
c → D0pi±) = (±0.1,±0.9) (dashed) as a function of φS and |FDK0 | in Fig. 9. Due
to Vcd < 0, the CPAs for the D
0K± and D0pi± modes are opposite in sign. Since we cannot
precisely determine the strong phase φS, the allowed CPA for D
0pi− mode in our analy-
sis is wide. In addition, the ratio of branching fraction of B−c → D¯0pi− to B−c → D¯0K−,
denoted by Rpi/K is shown in Fig. (10). The range of the ratio can be 0.1 − 0.2 when
B(B−u → D−K¯0) = (1, 3.1)× 10−7.
TABLE V: Branching ratios for B−c → D¯0pi− and B+c → D0pi+ and CP asymmetry with bench-
marks of φS , where f
BcD
0 = 0.20 and |FDK0 | = 0.24 are used.
φS 0 +pi/2 +2pi/3 −pi/2 −2pi/3
BD¯0pi−106 2.21 8.76 9.49 0.74 2.55
BD0pi+106 2.21 0.74 2.55 8.76 9.49
Bavg
Dpi±10
6 2.21 4.75 6.02 4.75 6.02
ACP 0 0.84 0.58 -0.84 -0.58
In order to understand the contribution of each component in the decay amplitude of
Eq. (39), we present the ratios of |V ∗cdVcbA′cT |/|V ∗udVubT ′T |, |V ∗tdVtb(T ′uP + E ′cP )|/|V ∗udVubT ′T |,
|V ∗cdVcbA′cT |/|V ∗tdVtb(T ′uP +E ′cP )|, and |V ∗tdVtbE ′cP |/|V ∗cdVcbA′cT | in Fig. 11(a)-(d), where fBcD0 = 0.20
is used. The tree-transition dominance in B−c → D¯0pi− can be verified from plots (a) and
(b); and in some regions, the A′cT effect can be comparable to the T
′
T . When Vcs and Vts
in D¯0K− mode are replaced with Vcd and Vtd in D¯0pi, the tree-annihilation and penguin
contributions are roughly multiplied by a factor of λ at the same time; therefore, the ratios
of tree-annihilation to penguin and penguin-annihilation to tree-annihilation are similar to
the cases in B−c → D¯0K−. Hence, although T ′T topology dominates in D¯0pi− channel, the
AcT contribution is also important.
V. SUMMARY
We studied the B−c → (D¯0K−, D¯0pi−) decays using a phenomenological analysis, where
we employed the B → KK, B−u → D−K¯0, and B¯d → DsK− decays to determine the
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FIG. 9: B(B−u → D−K¯0) = (1, 3.1)× 10−7 (yellow), BavgD0K± = (4.4, 9)× 10−5 (blue), ACP (B±c →
D0K±) = (∓0.03,∓0.12) (orange), Bavg
D0pi± = (4.9, 8) × 10−6 (red), and ACP (B±c → D0pi±) =
(±0.1,±0.9) (dashed) in φS − |FDK0 | plane.
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FIG. 10: Ratio of the branching fraction of B−c → D¯0pi− to B−c → D¯0K−, where the shaded area
denotes the 1 < B(B−u → D−K¯0)107 < 3.1.
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FIG. 11: Contours for (a) |V ∗cdVcbA′cT |/|V ∗udVubT ′T |, (b) |V ∗tdVtb(T ′uP + E′cP )|/|V ∗udVubT ′T |, (c)
|V ∗cdVcbA′cT |/|V ∗tdVtb(T ′uP +E′cP )|, and (d) |V ∗tdVtbE′cP |/|V ∗cdVcbA′cT | as a function of φS and |FDK0 (m2B)|,
where the shaded area in (a) is the bound of B(Bc → D−K0) < 3.1 × 10−7, and fBcD0 = 0.20 is
taken.
nonfactorization effect and to limit the factorization effect of an annihilation process. Ac-
cording to our study, a factorizable tree-annihilation should dominate the decay amplitude
of B−c → D¯0K−. The relative magnitude of T uP and EcP depends on the time-like form
factor FDK0 ; that is, when F
DK
0 . 0.2, |T uP | > |EcP |. If we take the branching ratio of
B−u → D−K¯0 to be (1− 3.3)× 10−7, the branching ratio of B−c → D¯0K− is obtained in the
range (4.4− 9)× 10−5, where the result falls within 1.5σ of (10.01± 3.40)× 10−5, which is
extracted from LHCb result with B(B−c → J/Ψpi−) = (7.7±1.1)×10−4. The CP asymmetry
of B−c → D¯0K− is derived from the interferences between the small tree-transition and tree-
annihilation and from those between the small tree-transition and penguin-annihilation; as
a result, the magnitude of the CP asymmetry is less than approximately 10%.
B−c → D¯0pi− should be dominated by the tree-transition contribution due to the CKM
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factor V ∗udVub and Wilson coefficient a1. Although the CKM factor V
∗
udVcb in the tree-
annihilation has an extra Wolfenstein parameter suppression, due to |Vub| < |V ∗cdVcb|,
the tree-annihilation topology still play an important role in B−c → D¯0pi−. When we
take B(B−c → D¯0K−) ≈ (4.4 − 9) × 10−5, the corresponding BR for B−c → D¯0pi is
B(B−c → D¯0K−) ≈ (4.9 − 8) × 10−6. Due to the contributions from the tree and penguin
being comparable, the CP asymmetry of B−c → D¯0pi−, which arise from the interferences
between the tree-transition and the penguin, between the tree-annihilation and penguin,
and between the tree-transition and tree-annihilation, can be of the order of one.
In this study, we also predict B(B−u → D−K¯0) < 3.1×10−7, B(B−c → D−K¯0) ≈ B(B−c →
D¯0K−), B(B−c → K−K0) ≈ (6.99±1.34)×10−7, and B(B−c → J/Ψpi−) ≈ (7.7±1.1)×10−4.
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